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, Benney Ko ,
$\mathrm{K}\mathrm{d}\mathrm{V}$ $\text{ }$ sech2
$\text{ ^{}4)}$. Grimshaw Yi , ( GY
) .5) , ,
.
, , $\mathrm{G}\mathrm{Y}$




$\mathrm{G}\mathrm{Y}$ ( Grimshaw $\mathrm{Y}\mathrm{i}^{5)}$).
.
, $\rho_{1}\rho_{0}(z)$ (\rho 1: , h: , hz:
) .
$\beta=(h/g)N_{1}^{2}$ (Nl: $\mathrm{B}\mathrm{r}\mathrm{u}\mathrm{n}\mathrm{t}-\mathrm{v}_{\ddot{\mathrm{a}}}\mathrm{i}\mathrm{s}\ddot{\mathrm{a}}1\ddot{\mathrm{a}}$ $N,$ $N^{2}=(g/\rho_{0})|d\rho_{0}/dz|$ ,
g: ) .
, .
$u_{x}+w_{z}=0$ , $\rho_{0}(z-\zeta)\frac{du}{dt}+px=0$ ,
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$\rho_{0}(_{Z}-\zeta)\frac{dw}{dt}+pz+\frac{1}{\beta}[\rho 0(z-\zeta)-\rho_{0()]}Z=0$, (1)
$\frac{d\zeta}{dt}-w=0$ , $\frac{d}{dt}=\frac{\partial}{\partial t}+u\frac{\partial}{\partial x}.+w\frac{\partial}{\partial z}$ ,
, $hx$ ( – ), $x,$ $z$ .
$x,$ $z$ $hN_{1}u,$ $hN_{1}w$ , $\beta\rho_{1}ghp$
, $h\zeta(x, z, t)$ $(x, y)$
. , $\rho_{0}$ $()$ , . $z=0,1$ $\zeta=0$
.
$\psi(u=\psi_{z}, w=-\psi_{x})$ . $\mu$
, $\beta=\sigma\mu^{2}(\sigma=o(1)),$ $N=N_{0}+\beta M(z)$ .
. $x’=\mu(x-Ct)-$ , $t’=\mu^{3}t$ , (2)
( $c$ ). , (1) ( ’ ).
$J(q+ \frac{N_{0}^{2}}{c^{2}}\psi,\emptyset \mathrm{I}-N_{0}^{2}(\zeta-\frac{\psi}{c})_{x}+\mu F2=0$ ,
$J( \zeta-\frac{\psi}{c},$ $\emptyset)+\mu^{2}\zeta_{t}=0$ ,
$J(a, b)=a_{x}b_{z}-a_{z}-b_{x}$ , $q=\psi_{zz}+\mu^{2}\psi xx$ ’ $\phi=\psi-Cz$ ,
(3)
$F=q_{t}- \sigma M(z-\zeta)\zeta x+\sigma N^{2}0[\mu^{2}\zeta_{x^{\frac{d}{dt}}}\psi_{x}-(1-\zeta_{z})\frac{d}{dt}\psi_{z]}$ ,
$\frac{d}{dt}=(\psi z-c)\frac{\partial}{\partial x}-\psi x\frac{\partial}{\partial z’}+\mu 2_{\frac{\partial}{\partial t’}}$
$M$ $()$ . $\phi_{z}\neq 0$ , $z$ $\phi$
. , $\psi_{z}-c\neq 0$ , $c$
. $f(x, \phi)$ ,
$J(f(x, \emptyset),$ $\phi)=\frac{\partial f(X,\phi)}{\partial x}|_{\phi \mathrm{n}\iota}=\mathrm{c}\circ \mathrm{n}\mathrm{s}\mathrm{t}\mathrm{a}\phi_{z}$ , (4)
,
$\zeta-\frac{\psi}{c}=-\mu^{2}\int_{-\infty}x(\frac{\zeta_{t}}{\phi_{z}})_{\emptyset=}\mathrm{c}\mathrm{o}\mathrm{o}\mathrm{t}\mathrm{a}\mathrm{n}\mathrm{t}dx’$ , $\psi_{zz}+\frac{N_{0}^{2}}{c^{2}}\psi+\mu^{2}G=0$,
$G= \psi_{x}x+\int_{-\infty}^{x}\frac{1}{\phi_{z}}[F+N_{0}^{2}\frac{\partial}{\partial x’}\int_{-}^{x}\infty(\prime \mathrm{I}_{\phi \mathrm{t}}\frac{\zeta_{t}}{\phi_{z}}=\mathrm{c}\circ \mathrm{I}\mathrm{l}\mathrm{S}\mathrm{a}\mathrm{n}\mathrm{t}d_{X’’}]\phi=\mathrm{c}\circ \mathrm{o}\mathrm{t}\mathrm{a}\mathrm{n}\mathrm{t}dx’$ .
(5)
, $\phi=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{S}\tan\iota$ , $\phi$ – .
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$\zeta,\psi$ .
$\zeta=\zeta^{()}0+\mu^{2}\zeta^{(1)}$ , $\psi=\psi^{()}0\mu^{2}+\psi^{(}1)$ . (6)
,
$\psi^{(0)}=CA(_{X,t)\mathrm{i}\mathrm{n}}\mathrm{s}(\frac{N_{0}}{c}z),$ $\zeta^{(0)}=A(X, t)\sin(\frac{N_{0}}{c}z)$ , $c= \frac{N_{0}}{n\pi}$ , (7)
. , $A$ .
, $\xi=z-A\sin[(N_{0}/C)z]$ , $\xi_{z}\neq 0$ $z$ $\xi$
. , $|A|<1/(n\pi)=A_{\max}$ . ,
$\emptyset=\psi_{-}cz\simeq\psi(0)-cZ=cA\sin[(N\mathrm{o}/C)_{Z]-c}z=-C\xi$ ,




$m(A)= \frac{1}{c}\int_{0}^{1}M(\xi)\frac{\partial z}{\partial A}(_{Z}-\xi)d\xi$
$+ \frac{1}{2}N_{0}^{3}[1-(-1)^{n}]A^{2}-N_{0}2c\int 0\frac{\partial z}{\partial A}1\int_{0}^{A}\frac{N_{0}}{c}\cos(\frac{N_{0}}{c}z’)dA’d\xi$, (8)
$K(A,A’)= \int^{1}0[\frac{\partial z}{\partial A}\frac{\partial z’}{\partial A’}(1+\frac{\partial z’}{\partial\xi})+\frac{\partial z}{\partial A}(z-Z)’\frac{\partial^{2}z’}{\partial\xi\partial A’}]d\xi$,








$M(\xi)$. $=0$ . Grimshaw Yi $m(A)=_{P^{A^{2}}}(p$ :
) , (Appendix ),
$\frac{N_{0}^{2}}{c^{2}}\int_{-\infty}^{x}K(A,A’)A_{\iota^{d+}0}’\frac{\sigma}{6}N[X^{\prime 3}1-(-1)^{n}]A^{2}+\frac{1}{2}cA_{xx}=0$ , (10)
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. $x$ ,




$+ \frac{c^{3}}{2N_{0^{K(.’ A)}}^{2}A}A_{x}xx=0$ .
(10), (11) $\mathrm{G}\mathrm{Y}$ .
.
$A$ ,
$K(A,A’) \simeq 1-\frac{1}{4}\frac{N_{0}^{2}}{c^{2}}(3A^{2}-8AA’+3A^{\prime 2})+O(A^{4})$ , (12)
. (11) $O(A^{2})$ ,
$A_{t}+ \frac{\sigma c^{2}N_{0}}{3}[1-(.-1)^{n}]AAx+\frac{c^{3}}{2N_{0}^{2}}A_{xxx}=0$ , (13)
$\mathrm{K}\mathrm{d}\mathrm{V}$ ( – 6) $)$ .
$A(x-\overline{V}t)=A(\overline{X})$ ,




$A=a$ sech2 $k\overline{x}$ ,
$k^{2}= \frac{1}{18}N_{0^{n}}^{2}\pi[1-(-1)^{n}]\sigma a$ , $\overline{V}=\frac{1}{9}c^{3}n\pi[1-(-1)^{n}]\sigma a$ .
(16)
Benney Ko – .4)
,
$I_{1}= \int_{-\infty}^{\infty}\int_{0}^{1}[2z\sin(\frac{N_{0}}{c}\xi)-\frac{N_{0}}{c}Z\cos 2(\frac{N_{0}}{c}\xi)+\frac{N_{0}}{c}\xi Z\cos(\frac{N_{0}}{c}\xi)]d\xi d_{X}$ ,
(17)
$I_{2}= \int_{-\infty}^{\infty}\frac{A^{2}}{2}dx$ ,
. $A$ , $I_{1}$ ,
$I_{1}’= \int_{-\infty}^{\infty}(A-\frac{N_{0}^{2}}{4c^{2}}A^{3}1dX$, (18)












$\mathrm{H}1:K(A,A)\emptyset\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathscr{C}$., . ,
$|A|<$ Am $|A’|<$ Am ,
, .
$K(A, A)$ 1 . $A$ , (12) , $|A|\simeq A_{\max}$




$n=1,$ $\sigma=1,$ $N_{0}=\pi$ .
, $c=1,$ $A_{\max}=1/\pi\simeq 0.318$ . ,
( $A_{1}>0$ $A_{2}=A_{1}/2$) , ,
.
, .
(A1=0.1\simeq 0.31\downarrow max) 2 .
$(\mathrm{b})\sim(\mathrm{e})$ , $\mathrm{K}\mathrm{d}\mathrm{V}$ .
(f) , ,
. ,
$\mathrm{K}\mathrm{d}$ . (f) $\mathrm{G}\mathrm{Y}$
, $\mathrm{K}\mathrm{d}\mathrm{V}$
, . , $A$ $\mathrm{G}\mathrm{Y}$ (13)
.
3 , $(A_{1}=0.26\simeq \mathrm{o}.817A_{\max})$ .
, ,
165
$(\mathrm{a})t=0-$ : (b) $t=350$.
(c) $t=450$ . (d) $t=500$ .
(e) $t=600$ . (f) $t=1150$ .
2: $\mathrm{G}\mathrm{Y}$ . $A_{1}=0.1$ .
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$(\mathrm{a}J^{t}=\mathrm{U}$ . $(0\mathrm{I}^{t=11}\cup$ .
(C) $T=1^{\cdot}s$U. (d) $t=15\mathrm{U}$ .
(e) $t=l\mathrm{U}\mathrm{U}$ . ( $t=l5\cup$ . \rho $\mathrm{K}\mathrm{d}\mathrm{V}$ .
3: $\mathrm{G}\mathrm{Y}$ . $A_{1}=0.26$ .
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(a) $A_{1}=0.1$ . (b) $A_{1}=0.26$ .
4: I2 .
(a) $A_{1}=0.1$ . (b) $A_{1}=0.26$ .
5: Il( ), I\’i( ), IA( ) .
, .
$A$ , 1 $\mathrm{K}\mathrm{d}\mathrm{V}$
, ,
. , , (d) ,
, (f)





4 $I_{2}$ . .
0.1% ,
.
$I_{1}$ 5 . $I_{1}$ . , $I_{A}$
, ,
, , (b) , .
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. $I_{A}$
$I_{1}$ , $A$ $O(A^{3})$ , $I_{1}’$
.
5





$\mathrm{G}\mathrm{Y}$ , $n$ , .










$-N_{0}^{2}c \int_{0}^{1}\frac{\partial z}{\partial A}\int_{0}^{A}\frac{N_{0}}{c}\cos(\frac{N_{0}}{c}z’)dA’d\xi$, (A1)
. ,
$\frac{N_{0}}{\mathrm{c}}\int_{0}^{A}\cos(\frac{N_{0}}{c}z’)dA’$
$=$ $\frac{N_{0}}{c}[A’\cos(\frac{N_{0}}{c}z’)]_{0}^{A}-\frac{N_{0}}{c}\int^{A}0.A’\frac{N_{0}}{c}[-\sin(\frac{N_{0}}{c}z^{\prime)]}\frac{\partial z^{j}}{\partial A’}dA’$




$=$ $\frac{N_{0}}{c}A\cos(\frac{N_{0}}{c}z)+\frac{1}{2}(\frac{N_{0}}{c})^{2}A^{2}\sin^{2}(\frac{N_{0}}{c}z)$ . (A2)
(A1) , ,
$-N_{0^{C}}^{2} \int_{0}^{1}\frac{\partial z}{\partial A}\int_{0}^{A}\frac{N_{0}}{c}\cos(\frac{N_{0}}{c}z’)dA’d\xi$
.
(A3)
$=-N_{0}^{3} \int_{0}^{1}\frac{\partial z}{\partial A}$A $\cos(\frac{N_{0}}{c}z)d\xi-\frac{N_{0}^{4}}{2c}\int_{0}^{1}\frac{\partial z}{\partial A}A^{2}\sin 2(\frac{N_{0}}{c}z)d\xi$ .
(9) ,
$-N_{0^{C}}^{2} \int_{0}^{1}\frac{\partial z}{\partial A}\int_{0}^{A}\frac{N_{0}}{c}\cos(\frac{N_{0}}{c}z’)dA’d\xi$
$=-N^{3}0^{A} \int_{0}1\frac{\partial z}{\partial\xi}\sin(\frac{N_{0}}{c}z)\cos(\frac{N_{0}}{c}z)d\xi-\frac{N_{0}^{4}}{2c}A2\int 0\frac{\partial z}{\partial\xi}1\sin^{3}(\frac{N_{0}}{c}z)d\xi$
$=$ $-N_{0}^{3}A \int_{0}^{1}\frac{c}{2N_{0}}\frac{\partial}{\partial z}[\sin^{2}(\frac{N_{0}}{c}z)]\frac{\partial z}{\partial\xi}d\xi$
$- \frac{N_{0}^{4}}{2c}A^{2}\int_{0}^{1}\frac{c}{N_{0}}\frac{\partial}{\partial z}[\frac{1}{12}\cos(\frac{N_{0}}{c}z)-\frac{3}{4}\cos(\frac{N_{0}}{c}z)]\frac{\partial z}{\partial\xi}d\xi$
$=$ $-N_{0}^{2}CA[ \frac{1}{2}\sin^{2}(\frac{N_{0}}{c}z)]_{0}-\frac{N_{0}^{3}}{2}A^{2}1[\frac{1}{12}\cos(\frac{N_{0}}{c}z)-\frac{3}{4}\omega \mathrm{s}(\frac{N_{0}}{c}Z)]^{1}0$
$=$ $- \frac{N_{0}^{3}}{2}A^{2}[(-1)n-1](\frac{1}{12}-\frac{3}{4})$
$=$ $\frac{1}{3}N_{0^{3}}A2[(-1)n-1]$ . (A4)
,
$m(A)= \frac{1}{2}N_{0^{3}}A^{2}[1-(-1)^{n}]+\frac{1}{3}N_{0}^{3}A^{2}[(-1)n-1]=\frac{1}{6}N_{0}^{3}A^{2}[1-(-1)^{n}]$ , (A5)
, (10) .
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